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Absorption of high-energy ν¯e over electrons above the W boson pro-
duction threshold is reexamined. It is pointed out that, in the case of
photon emissions along the direction of incident high-energy ν¯e, the kine-
matically allowed average energy carried by the final state hard photon
can be ≤ 1% of the incident ν¯e energy above the W boson produc-
tion threshold. The differential energy spectrum for the final state hard
photon is calculated. We also discuss implications of our results for the
prospective search of high-energy ν¯e through this final state hard photon.
PACS number(s): 12.15.Ji, 13.15.+g, 14.70.Bh, 98.70.Sa
A positive observation of high-energy neutrinos above the atmospheric background will
mark the beginning of high-energy neutrino astronomy. Several high-energy neutrino detec-
tors, commonly known as high-energy neutrino telescopes, are currently at a rather advanced
stage of their deployments. This necessitates the identification of possible signatures of the
high-energy neutrino interactions, particularly those occurring inside the high-energy neu-
trino telescopes. Needless to mention, such studies will complement the high-energy gamma
ray astronomy for understanding the origin of high-energy radiation from the cosmos [1].
In this Brief Report, we reexamine in some detail the energy spectrum of the final-state
hard photon in the absorption process ν¯ee
− →W−γ above the W -boson production thresh-
old. This absorption process has been discussed in Ref. [2], whereas its closely associated
resonant absorption process ν¯ee
− → W−(→ ν¯µµ−), now referred to as “Glashow resonance”,
occurring at Eresν¯e = M
2
W/(2me) ∼ 6.3 · 106 GeV, was first pointed out in Ref. [3], and was
subsequently studied in Ref. [4]. However, to our knowledge, the energy spectrum of the
final-state photon in ν¯ee
− → W−γ has not been studied before. Here, we shall give an
estimate of the kinematically allowed average energy for the hard photon and calculate
the photon energy spectrum as well as the total cross section of the absorption process
ν¯ee
− →W−γ.
There are two Feynman diagrams contributing to the absorption process, ν¯ee
− → W−γ
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in the leading order. They are shown in Fig. 1. Out of these two diagrams, diagram (b)
contains aW -boson exchange, hence its contribution is suppressed for the range of
√
s under
discussion (see later).
The energy of the outgoing photon in the center-of-mass (CM) frame is given by
ECMγ =
s−M2W
2
√
s
, (1)
where s = 2meEν¯e . The range of
√
s of interest to us is
√
s0 <
√
s < 6
5
√
s0, where
√
s0 ≡
MW + ΓW . The lower limit for
√
s is chosen to distinguish our signature from that due to
the soft photon emission in the resonant absorption process ν¯ee
− → W−. The upper limit
of
√
s is the largest incident energy such that ν¯ee
− → W−γ remains dominant over other
competing processes (see discussions below). Substituting
√
s =
√
s0 in Eq. (1), we obtain
ECMγ ≃ ΓW . (2)
We then apply the Lorentz boost to obtain the photon energy in the Lab frame, or in a high-
energy neutrino telescope. For a photon moving precisely collinear to the incident neutrino,
its energy in the Lab frame is given by
Eγ ≃ ΓW
√
2Eν¯e
me
≃ MWΓW
me
. (3)
Note that the boost factor
√
2Eν¯e/me significantly enhances the photon energy with respect
to its CM value. According to Eq. (3), Eγ is roughly 5% of Eν¯e . We emphasize that this is
the maximal energy that the outgoing photon can carry. Let us also remark that, for the
absorption process ν¯ee
− → W−γ, the movement of target electrons inside atoms (in water)
does not lead to any appreciable change in the emitted photon energy.
To calculate the differential photon spectrum, it is convenient to define the dimensionless
variables, λ = s/M2W , and y = Eγ/Eν¯e. In terms of λ and y, the differential photon energy
spectrum reads:
dσ
dy
=
√
2αGF
λ2(λ− 1)2
[
(λ− 1)(λ2 + 1)y−1 + 4λ2(λ− 1)y − 2λ3y2 − λ(3λ2 − 4λ+ 3)
]
. (4)
The above equation implies that the final-state photon is more likely to carry a smaller
energy fraction from the incoming high-energy neutrino, namely it prefers to move back-to-
back to the neutrino. The minimal and maximal values for y are given by ymin = m
2
e/s and
ymax = (λ − 1)/λ respectively. For
√
s =
√
s0, i.e., λ = 1 + ΓW/MW , we obtain the value
of maximal photon energy as stated in Eq. (3). Clearly ymax increases with the CM energy√
s ≡MW
√
λ. However, as
√
s increases, the differential cross section dσ/dy decreases. The
behaviors of dσ/dy for a few representative values of λ are depicted in Fig. 2. From the
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behaviors of dσ/dy, one can compute the average y value, which is of more observational
interest, as a function of the incoming energy λ:
〈y〉 =
∫
y
dσ
dy
dy
∫
dσ
dy
dy
. (5)
The quantity 〈y〉 is basically the average fraction of the incident Eν¯e that is carried by the
hard photons in the Lab frame. The denominator on the R.H.S. of the above equation is
just the total cross section which can be calculated by integrating Eq. (4) over y. This gives
σν¯ee−→W−γ =
√
2αGF
3λ2(λ− 1)
[
3(λ2 + 1) ln
(
M2W (λ− 1)
m2e
)
− (5λ2 − 4λ+ 5)
]
. (6)
The cross section σν¯ee−→W−γ given by Eq. (6) depends only on the CM energy λ. Numeri-
cally, the logarithmic factor in the above equation dominates for λ ≃ 1 as well as for λ≫ 1.
Our result for σν¯ee−→W−γ agrees with the one given by Brown et al. in Ref. [2]. However, it
disagrees with the result by Seckel in the same reference. The numerator on the R.H.S. of
Eq. (5) can be calculated in a similar way. In this case, one may set ymin = 0. We find
∫
y
dσ
dy
dy =
√
2αGF
3λ3
(
λ2 + λ+ 1
)
. (7)
The values of 〈y〉 for the energy range of interest to us are as follows: 〈y〉 ≃ 1.3 · 10−3 for
Eν¯e = 6.6 · 106 GeV, 〈y〉 ≃ 6.0 · 10−3 for Eν¯e = 8.6 · 106 GeV, whereas 〈y〉 ≃ 9.7 · 10−2 for
Eν¯e = 1.1 · 107 GeV.
It is important to compare the cross section of ν¯ee
− → W−γ with the cross sections of
conventional channels. The behaviors of these cross sections as functions of Eν¯e are shown
in Fig. 3. In this figure, we have included, besides the cross section of the current process,
the resonant cross section, σ
ν¯ee−→W−→hadrons, taken
1 from Ref. [5], as well as the charged
current deep-inelastic ν¯e scattering cross section over nuclei, σ
CC
ν¯eN→e+X
, taken from Ref. [7]
with CTEQ4-DIS parton distributions. We should remark that the other modern sets of
parton distribution functions only make small differences in the value of σCCν¯eN→e+X . From
Fig. 3, we note that σν¯ee−→W−γ dominates over the other two for less than half an order of
magnitude in Eν¯e (7 · 106 ≤ Eν¯e/GeV ≤ 1 · 107). The dominance is however within a factor
of 2. The effect of this absorption process can be viewed as an extended (high-energy) tail of
the resonant absorption process ν¯ee
− →W− above theW -boson production threshold. This
enhancement is due to the t-channel exchange of a nearly on-shell electron [see Fig. 1(a)].
1This cross section differs from that used in Ref. [6] by a factor of 2. This discrepancy
might be due to an incorrect spin averaging assumed in Ref. [6].
3
Note that, for the relevant Eν¯e range, the absorption process ν¯ee
− → W−γ is the unique
process with a direct emission of hard photons and a comparable cross section with the
deep-inelastic ν¯e scattering cross section over nuclei. Concerning the search for high-energy
ν¯e , the absorption process over electrons has the advantage that σν¯ee− is basically free from
any theoretical uncertainties unlike σν¯eN .
A relevant remark is in order. In Ref. [8], assuming an intrinsic relative ratio among high-
energy electron, muon and tau neutrinos as 1: 2: 0 in units of intrinsic electron neutrino flux,
and using the then available constraints on neutrino mixing parameters (namely δm2 and
sin2 2θ), it was shown that for cosmologically distant sources of high-energy neutrinos, this
relative ratio becomes 1: 1: 1 again in units of intrinsic electron neutrino flux, due to neutrino
flavor oscillations during the propagation of high-energy neutrinos. Here electron neutrino
stands for the sum of electron and anti electron neutrino and like wise. In the relevant Eν¯e
range, the change in the relative ratio of the intrinsic high-energy neutrino fluxes due to
neutrino flavor oscillations essentially neither depends on Eν¯e , nor on the value of neutrino
mixing parameters, as the three relative ratios differ by no more than ∼ 10% from 1: 1:
1 (and is due to the present range of uncertainties in neutrino mixing parameters). This
implies that, in the relevant Eν¯e range, the (downward going) intrinsic high-energy electron
neutrino flux is least affected by neutrino flavor oscillations, both in its intrinsic energy
dependence as well as in its absolute value. The high-energy muon neutrino flux changes
by ∼ 50%, whereas the high-energy tau neutrino flux changes even more with respect to its
intrinsic value. Therefore, it follows that, for a Eν¯e range that σν¯ee−→W−γ dominates over
other competing cross sections, a prospective search for hard photons in ν¯ee
− →W−γ may
constrain/measure the intrinsic ν¯e flux with minimal neutrino flavor oscillation effect. In
the case where the constraints for νe intrinsic flux exist for the aforementioned energy range,
one can even obtain information on the neutrino oscillation scenarios that lead to a change
in the ν¯e to νe ratio with respect to its intrinsic value (for instance, ∼ 1) [9].
We have estimated the downward going event rate for the absorption process ν¯ee
− →
W−γ by using the following equation:
Rate =
10
18
A
∫
dEν¯ePγ(Eν¯e)
dN
dEν¯e
, (8)
where A is the area of the high-energy neutrino telescope in ice (or water), which we take
as 1 km2, the integration over Eν¯e is performed over the energy range that ν¯ee
− → W−γ
dominates, and Pγ(Eν¯e) is given by
Pγ(Eν¯e) = NA
∫
dyRγ(y, Eν¯e)
dσ
dy
, (9)
where NA = 6 · 1023 cm−3 (water equivalent) is the Avogadro’s number, dσ/dy is given by
Eq. (4), while the limits for y are indicated right after that equation. For simplicity, we take
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Rγ(y, Eν¯e) ≃ Re(y, Eν¯e) as an approximation, where the latter is the electron range given
by [10,11]
Re(y, Eν¯e) ≃ 40 cmwe
[
(1− 〈y(Eν¯e)〉)
(
Eν¯e
6.2 · 104GeV
)] 1
2
. (10)
In Eq. (8), the dN/dEν¯e is the downward going differential ν¯e flux arriving at the high-energy
neutrino telescope. For dN/dEν¯e, we consider the gamma ray burst fireball model proposed
in Ref. [12] as an example, where pγ interactions are suggested to produce the high-energy
ν¯e flux at the gamma ray burst fireball, such that
dN
dEν¯e
≃ 1
2
· 1
2
· 4 · 10−8
(
Eν¯e
1GeV
)−2
cm−2s−1sr−1GeV−1, (11)
for the relevant Eν¯e range. Here we have ignored the effect of neutrino flavor oscillations in
light of earlier discussions. In Eq. (11), the first factor of 1
2
arises because half of the electron
neutrino flux is considered to be of anti electron neutrino type and the second factor of 1
2
arises because the electron neutrino flux is considered to be one half of the muon neutrino
flux.
The event rate turns out to be ∼ 3 · 10−4 in units of per year per steradian with 1 km2
area and is therefore less than the event rates of other ν¯e interaction channels in the same
Eν¯e range [7]. The event rate for the prospective observation of direct hard photon in the
typical high-energy neutrino telescope is rather low because of the small Rγ value, the rather
limited range for Eν¯e, and the high-energy ν¯e flux model being considered. If we take the
present upper bound for the diffuse high-energy neutrino flux set by AMANDA B10 [13]
as the value for high-energy ν¯e flux, then the event rate is correspondingly higher up to
approximately two orders of magnitude.
Given the current capabilities of typical high-energy neutrino telescopes, the shower
generated by the hard photon is not easy to be separated from the one generated by the
W -boson inside the high-energy neutrino telescope, mainly because of a rather small Rγ
value. The signature of this absorption process in terms of event topology is thus similar to
that of other ν¯e interaction channels for the relevant Eν¯e range in the high-energy neutrino
telescopes.
In the context of prospective search for high-energy ν¯e, there can be few other circum-
stances where the hard photon emission in the absorption process ν¯ee
− → W−γ is of some
interest. For instance, if a high-energy ν¯e crosses a region of relatively intense e
− concen-
tration, the hard photon with Eγ ∼ O(104) GeV will be emitted along with the W -boson
(note, in this context, the absorption process, νee
+ → W+γ, also leads to a hard pho-
ton emission along the direction of incident high-energy νe for the same
√
s range). If the
scattering length of this hard photon is less than (or comparable to) the distance between
this region and the prospective detector, one expects that some part of the (electromag-
netic) shower generated by this hard photon may be measured. If such a measurement can
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be implemented, one should be able to constrain the flux of high-energy ν¯e. This type of
experiment is complementary to the prospective direct observation of high-energy ν¯e flux
through the high-energy neutrino telescopes. An example can be that the absorption pro-
cess ν¯ee
− → W−γ takes place along the surface of the earth and the emitted hard photon
generates an air shower (as well as the W -boson generated shower) that propagates upward
(or in the nearly horizontal direction) in the atmosphere of the earth. The future downward
facing space (or possibly balloon) based shower detectors, if deployed relatively nearby, may
eventually become sensitive to these showers [14]. The secondaries in the nearly horizontal
showers generated by hard photons with Eγ ∼ O(104) GeV can, in principle, be searched in
the appropriate ground based detectors as well [15].
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FIG. 1. The Feynman diagrams contributing to ν¯ee
− →W−γ in the leading order.
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FIG. 2. The dσ/dy in units of cm2 as a function of y for a few representative values of λ [see
Eq. (4)]. λ = 1.05 corresponds to Eν¯e = 6.6 · 106 GeV, λ = 1.37 corresponds to Eν¯e = 8.6 · 106
GeV, whereas λ = 1.87 corresponds to Eν¯e = 1.1 · 107 GeV.
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FIG. 3. High-energy ν¯e absorption cross section σ (cm
2), over two different target particles as
a function of electron anti neutrino energy Eν¯e (GeV). The minimum value of Eν¯e corresponds to
(MW +ΓW )
2/2me. Solid curve is obtained using Eq. (6). Dashed and dotted curves are from Ref.
[5] and Ref. [7], respectively.
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